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Fiber Number and Type Composition 
in Extensor Digitorum Longus, 
Soleus, and Diaphragm Muscles with 
Aging in Fisher 344 Rats1 
Thomas J. Eddinger 
Muscle Biology Laboratory 
 
Richard L. Moss 
Department of Physiology, School of Medicine,                           
University of Wisconsin                                                               
Madison, WI 
 
Robert G. Cassens 
Muscle Biology Laboratory 
 
Abstract:  
Histochemical (M-ATPase) fiber typing was done on extensor digitorum 
longus, (EDL), soleus (SOL), and diaphragm (DIA) muscles of barrier-reared 
Fisher 344 rats obtained at four different ages (3, 9, 28, and 30 months) from 
the colonies of the National Institute of Aging. 
In the EDL there are no differences in the percent of type I fibers 
among the four age groups. The percent of type IIa and IIb fibers also 
showed no difference between the 3 and 30 month age groups. There was no 
apparent trend for an increase or decrease in the percent of type IIa or IIb 
                                                          
1 This work is supported by a grant from NIH (AM31806) and The College of Agriculture & Life 
Sciences (University of Wisconsin). Animals were provided by a grant from NIA/NIH for 
predoctoral studies to Thomas J. Eddinger (T.J.E.). This work was done during the tenure of an 
established investigatorship (to Richard L. Moss (R.L.M.)) from the American Heart Association 
and with funds contributed in part by the Wisconsin affiliate. 
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fibers between the four age groups. In both the SOL and DIA muscles the 
percent of type I fibers was greater in the aged than in the young groups. The 
percent of type IIa fibers was lower in the 30 month group than in the 
younger groups for both muscles. The percent of type IIb (DIA) and IIc (SOL) 
fibers did not change between groups. Total fiber number per cross section of 
muscle showed no change in the EDL over this age range or in the SOL after 
9 months of age. These findings bring into question published results that 
imply that decreasing fiber number and preferential loss of type II (a and b) 
fibers are typical aging phenomena. 
Keywords: Myosin ATPase, Fiber typing, Aging, Senescence, Muscle, Rat. 
Introduction 
Reported changes in fiber type percentages (based on estimates 
or complete fiber counts) during senescence for various muscles in 
rodents include increases in fast twitch fiber percentage (Silberman et 
al., 1983; Tauchi et al., 1971), increases in slow twitch fiber 
percentage (Caccia et al., 1979; Bass et al., 1975), and no change 
(Bass et al., 1975). Fiber number is usually reported to decrease with 
senescence (Zelena and Hnik, 1963; Tucek and Gutmann, 1973), often 
in a fiber-typedependent fashion (i.e., a decrease in fiber number due 
to the loss of predominantly one type of fiber) (Tauchi et al., 1971). 
The diaphragm muscle, on the other hand, may be an exception: fiber 
number appears to stay constant with senescence (Gutmann and 
Hanzlikova, 1972; Tucek and Gutmann, 1973). Such factors as animal 
strain, age, nutrition, and exercise may have influenced these reported 
results. The fact that various methods and nomenclatures have been 
used in studies of the effects of aging on muscle may in part account 
for the discrepancies in the literature regarding changes in fiber types 
with senescence. 
This study was undertaken in an attempt to clarify changes in 
muscle fiber composition of three muscles, the extensor digitorum 
longus (EDL), soleus (SOL), and diaphragm (DIA), which are used 
extensively in research on aging. Rats raised specifically for aging 
studies (Fisher 344 (F344) strain), having a uniform genetic 
background and reared under rigidly controlled conditions, were used 
to minimize environmental effects on the aging process. Complete 
counts were made of the fibers in the EDL and SOL muscles to limit 
the errors that can arise using any of the other methods available to 
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estimate fiber numbers and fiber type percentages. This is especially 
true for a population of fibers in which the distribution of particular 
fiber types may vary greatly within the cross section of the muscle. 
Materials and Methods 
Barrier-reared male F344 rats were obtained from the Charles 
River Breeding Laboratory (Wilmington, MA) and Harlan Sprague-
Dawley Inc. (Indianapolis, IN). The animals were obtained in four age 
groups: 3, 8-10, 27-28, and 29-30 months of age (these groups will 
be 
Table 1. Description of preparations1 
 
1All values given are means ± standard deviation; values with different superscript 
letters in the same row are significantly different (P < 0.05)                                            
2Group size for animal weight, EDL, and SOL lengths: a = 5                                                  
3Group size for EDL and SOL weights: a = 7 
referred to as 3, 9, 28, and 30 months for convenience). Animals were 
kept in conventional housing, one per cage, for less than 10 days on 
average before sacrifice. They were anesthetized using ether or 
sodium pentobarbital (75-100 mg/kg body weight) prior to cervical 
dislocation and thoracotomy. The diaphragm was removed and the 
middle portion of a hemidiaphragm was rolled in the direction parallel 
to the length of the fibers prior to freezing for histochemistry. The skin 
was removed from both hind legs and, in succession, the EDL and SOL 
muscles were exposed, their in situ lengths (Lo) measured (with the 
foot at right angles to the lower leg), and they were cut free near the 
points of origin and insertion. Each muscle was gently blotted and 
weighed, and then placed in an oxygenated solution containing 137 
mM NaCl, 5 mM KCI, 1 mM CaCl2, 3 mM HEPES, 11 mM glucose, pH 
7.3, for 0.5-8 hr. This period of time was used to obtain mea-
surements of shortening velocity and isometric tension of contralateral 
SOL and EDL muscles (Eddinger et al., manuscript submitted). The 
muscles were frozen at approximately rest length in isopentane cooled 
in liquid nitrogen, and were stored in liquid nitrogen until they were 
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sectioned in a cryostat (Damon model CTD IM-106B, Needham, MA) at 
- 20°C. Transverse serial sections (8-10 p.m thick) cut from the belly 
of each muscle were picked up on glass slides and stored for 24 hr or 
less in the cryostat until they could be stained. Half an hour before 
staining the slides were placed in a hood at room temperature to dry. 
The sections were stained for myosin ATPase (M-ATPase) using the 
method of Dubowitz and Brooke (1973) (with modifications by Suzuki 
(1976) and Suzuki and Cassens (1980)), which is based on the 
method of Padykula & Herman (1955). In the present work, the acid 
preincubation solution was adjusted to pH 4.35 and the alkaline to pH 
10.25 just prior to use. The alkaline preincubation was for 20 min and 
the time in the incubation solution (step 2, Dubowitz and Brooke, 
1973) was 45 min for the acid-preincubated slides and 30 min for the 
alkaline-preincubated slides. Following the second water rinse the 
slides were fixed in a 1:3 mixture of acetic acid and absolute ethanol 
for 4 min, followed by two 4-min changes in absolute ethanol, clearing, 
and mounting. Fiber type was distinguished solely from the acid 
preincubation sections using the nomenclature of Brooke and Kaiser 
(1970). Type I fibers stain dark following acid preincubation and light 
following alkaline preincubation. Type IIa fibers stain light following 
acid preincubation and dark following alkaline preincubation, and type 
IIb fibers stain intermediate following acid preincubation and dark 
Table 2. Fiber percent and type composition of EDL, SOL. and DIA muscles from 
F344 rats with aging1 
 
1All values given are means ± standard deviation; different superscript letters in the 
same row are significantly different (p < 0.05). Each superscript letter should be 
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considered individually (i.e., for the EDL type IIa fibers, the only significant difference 
was found for values at 9 and 30 months of age).                                                                             
2Group ages given are rounded off from mean ages.                                                                                                          
3No data available in this age group. 
following alkaline preincubation. The SOL is reported to have type IIc 
fibers rather than type IIb, although these fibers stained like type lib 
fibers with the preincubations used in this study (Brooke and Kaiser, 
1970). The alkaline preincubation slides were used to qualitatively 
verify the reversal of the staining pattern at this pH. The number of 
fibers of each type within the entire section were counted, with the 
sum of the fiber types being the total number of fibers in the cross 
section. Because of the anatomical organization of the EDL and SOL 
muscles, a cross section through the belly includes all the fibers in the 
case of the SOL and most of the fibers in the case of the EDL (Close, 
1964). A small number of fibers (250-550) from similar locations in 
each diaphragm were typed and used as an estimate of the fiber type 
percentages of these muscles. Because of the large variation in fiber 
type distribution throughout this muscle (personal observation) all 
counts were made from the middle section of a hemidiaphragm. All 
statistics were done using a one-way analysis of variance and Tukey's 
honestly significant difference for determining significance at P < 0.05. 
Results 
Table 1 presents descriptive information about the animals and 
muscles used in this study. Animal weight was found to increase 
significantly with age in the 3 to 28 months age groups, and then to 
decrease with increasing age from the 28 to 30 month age groups. The 
changes in weight for the EDL and SOL muscles followed a pattern 
similar to the changes in body weight. The increases in muscle length 
measured in the EDL and SOL muscles occurred primarily at younger 
ages and then remained constant. 
The histochemical fiber type composition and fiber number for 
the EDL, SOL, and DIA muscles are summarized in Table 2. There was 
no change in the percentage of type I and type II (a and b) fibers in 
the EDL between the 3 and 30 month age groups. However, there 
were small changes in the percent of type II fibers between the 9 and 
30 month age groups. The percent of type IIa fibers was found to 
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Figure 1. Transverse section of 3month-old rat EDL (A) and SOL (B) muscle 
stained from M-ATPase activity. Acid preincubation at pH 4.35. Type I fibers stain 
dark, type IIa fibers stain light, and type IIb fibers (EDL) and type IIc fibers (SOL) 
stain intermediate. Original magnifications: A x 40.5, B x 53.7. 
decrease significantly between these age groups, whereas the percent 
of type IIb increased significantly. The number of fibers in the EDL did 
not change significantly with aging. 
The SOL muscle showed a large increase in type I and a 
decrease in type II fibers (type IIa and c; according to the Brooke and 
Kaiser (1970) nomenclature the intermediate-staining fibers in the rat 
SOL are type IIc) with increasing age after 9 months. The percent of 
type I fibers increased significantly from the 3 and 9 month age groups 
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to the 27 month age group and continued to increase to the 30 month 
age group. The percent of type Ila fibers showed a significant decrease 
from the 9 to the 30 month age group, whereas the percent type IIc 
fibers showed no statistically significant change. Fiber number 
decreased significantly from the 3 to the 9 month age group and then 
remained constant through the 30 month age group. 
The DIA muscles also showed changes in fiber type percentage 
distribution with increasing age of the animal. There was a significant 
increase in the percent of type I fibers from the 3 to the 30 month age 
group and a significant decrease in the percent of type IIa fibers from 
the 9 to the 30 month age group. The percent of type IIb fibers 
increased significantly from the 9 to the 30 month age group. 
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Figure 2. Transverse section of 9month-old rat EDL (A) and SOL (B) muscle 
stained for M-ATPase activity. Acid preincubation at pH 4.35. Type I fibers stain dark, 
type IIa fibers stain light, and type IIb fibers (EDL) and type IIc fibers (SOL) stain 
intermediate. Original magnifications: A x 34.0, B x 35.5. 
Figures 1-3 display entire transverse sections through the belly 
of 3, 9, and 30 month old EDL and SOL muscles. The differences in 
fiber type composition between these two muscles are readily 
observed. The EDL muscle has a nonuniform distribution of fiber types 
with the vast majority of the type I fiber population located on the 
medial and anterior side of the muscle, corresponding to the proximal 
heads of the muscle. A similar observation has been reported earlier 
(Muntener, 1979; Schiaffino et al., 1970). The SOL muscle has a more 
uniform distribution of fiber types. The large increase in the 
percentage of type I fibers with aging is obvious in the SOL from the 
29 month old rat. Figure 4 shows portions of DIA muscles of animals 
from the three age groups. The fiber type distribution was very 
heterogeneous in this muscle and showed large variations in the fiber-
type composition in various regions of the muscle. The type IIb fibers 
are much larger than both the type I and type IIa fibers for all age 
groups. This very large difference in the size of the various fiber types 
is not apparent in the EDL or SOL muscles. 
Discussion 
This study demonstrated clearly that the widely accepted no-
tions of an increase in the percentages of type I fibers and a decrease 
total fiber number with advancing age are not universally applicable. 
The EDL muscle of F344 rats shows no change in the percent of type I 
fibers up to 30 months of age, and neither the EDL or the SOL shows a 
decrease in fiber number with senescence. 
This study was done using a highly inbred strain of rats (F344) 
which were reared under specific pathogen-free (SPF) conditions in a 
completely controlled environment. This rigid control of genetic and 
environmental factors increases the likelihood that changes found with 
senescence are due to the aging process itself. The most common 
death-related pathologies for these rats are chronic nephrosis and 
testicular interstitial cell tumors (Coleman et al., 1977), neither of 
which would be expected to have direct effects on muscle fiber type or 
number. The mean life expectancy of these rats has been reported to 
be as low as 22 months and as high as 29 months (Rothstein, 1982).  
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Figure 3. Transverse section of 30-month-old rat EDL (A) and SOL (B)  
muscle stained for M-ATPase activity. Acid preincubation at pH 4.35. Type I fibers 
stain dark, type IIa fibers stain light, and type IIb fibers (EDL) and type IIc fibers 
(SOL) stain intermediate. Original magnifications: A x 38.7, B x 42.0. 
Hoffman (1978) observed that 1973 F344 cohort from Charles River 
Breeding Laboratory (Wilmington, MA) had a mean life expectancy of 
28 months, which was nearly 2 months less than a 1971 cohort. Yu et 
al. (1982) reported that a group of F344 rats obtained from Charles 
River Breeding Laboratory but reared in their own facilities (under 
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similar conditions) had a mean life expectancy of 23 months. Thus, 
even under similar conditions, the rearing environment appears to play 
a major role in life expectancy. Based on these reports, it is clear that 
the age range used in this study includes animals from what would be 
considered young adulthood to senescence. 
Values reported in the literature for fiber type composition of 
EDL, SOL, and DIA muscles for various strains of rats are shown in 
Table 3. There are differences among these previously reported fiber 
type percentages, which may be due to the strain of rat used, age, 
gender, and/or method(s) of typing and naming the fibers. Our data 
(Table 2), along with all these reports, indicate that the EDL muscle is 
composed primarily of type IIb fibers, whereas the DIA has a majority 
of type II fibers (evenly distributed between types IIa and IIb). The 
SOL contains primarily type I fibers. The significant increase in the 
percent of type I fibers in the SOL and DIA but not in the EDL is in 
contrast with the study of Caccia et al. (1979), in which they observed 
a marked increase in type I fiber percentage in the EDL but a large 
decrease in these fibers in the SOL over a similar age span (rat strain 
not reported). Bass et al. (1975) found an increase in slow fibers and a 
decrease in fast fibers in the EDL and in the SOL muscles of Wistar 
rats from 3 to 28-36 months of age but no change was observed in the 
DIA muscle. These findings, along with our results, suggest that an 
increase in the percent of type I fibers is not a consistent phenomenon 
of aging in all muscles. 
Fiber number has also been investigated by various authors. 
Nwoye et al. (1982) observed that there are approximately 2500 fibers 
in the male Sprague—Dawley rat (230-260 g) SOL muscle, and 
Kugelberg (1976) reported that there are approximately 2900 fibers in 
the rat (unspecified strain) SOL muscle at 2,5, and 34 weeks of age. 
Zelena and Hnik (1963) found that the SOL muscle of 4 month old rats 
(unreported strain) had 2357 ± 78 fibers, whereas the SOL muscle 
from 2 year old animals only had 1758 ± 39 fibers. Tucek and 
Gutmann (1973) reported that between Wistar rats 3 and 28-29 
months old there was a decrease in the number of fibers in the EDL 
(from 3042 ± 350 to 1710 ± 256) and in the SOL (from 2461 ± 110 to 
1486 ± 325), but not in the DIA (number of fibers per square 
millimeter cross section). Gutmann and Hanzlikova (1972) also 
reported that the diaphragm maintained its fiber number during aging.  
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Table 3. Reported values for rat EDL, SOL, and DIA fiber type percentagea 
 
 
Our results indicate a decrease in fiber number for the SOL that is 
significant but not of the magnitude reported by Tucek and Gutmann 
(1973). We did not observe any significant difference in fiber number 
for the EDL in the age range studied. The decrease in fiber number in 
the SOL occurred between 3 and 9 months of age (less than 20% 
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decrease) and then showed no change to 30 months of age. Such a 
decrease can hardly be considered to be due to senescence. 
No attempt was made to determine fiber number in the DIA 
because the entire muscle (hemidiaphragm) was not always available. 
We did not determine fiber density for a given area as an estimate of 
total fiber number or changes with aging because we do not believe 
that this is by itself an accurate estimate of fiber number. Without 
information regarding the total shape, size, and weight of the muscle, 
fiber density is meaningless as an estimate of fiber number for 
comparison between animals of different ages. 
The total fiber number in the EDL and SOL muscles of F344 rats 
(Table 2) appears to be very similar to that reported for Wistar and 
Sprague—Dawley rats at a young age. However, the observation that 
fiber number does not change with aging in the muscles in F344 rats is 
in direct contrast to reported changes in these other strains. 
The decrease we observed in fiber number in the SOL muscle of 
rats between the 3 and the 9 month age groups also contradicts the 
assumption of Tucek and Gutmann (1973) (based on the work of 
Goldspink, 1970; Rowe and Goldspink, 1969) that fiber number does 
not change from 3 to 9 months of age in rats. However, the work of 
Goldspink (1970) and Rowe and Goldspink (1969) was done on 
mice, and may not be applicable to rats, which Tucek & Gutmann 
(1973) assumed it to be. Caccia et al. (1979) also found decreases in 
fiber number in rat EDL and SOL muscles from 3-4 to 18 months of 
age (approximately 25-40% decrease) which was followed by a much 
smaller increase in fiber number with increasing age from 18 to 30 
months of age (an approximately 15% increase relative to 18 month 
old rats). 
Based on the results of this study and of the other studies cited, 
we propose that decreases in muscle fiber number and in type II fiber 
percentages are not consistent aging phenomena and may not be 
aging phenomena at all. The fact that these changes are not consistent 
is readily apparent from the reported differences between various 
muscles in the rat and also in the same muscle between strains. In 
addition, there is evidence that the type and intensity of activity 
(increase, decrease; or complete lack of activity) of an animal (or 
muscle) can have major effects on muscle morphology, 
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histochemistry, and biochemistry (Goldspink and Ward, 1979; 
Anderson and Sjogaard, 1976; Holloszy and Booth, 1976; Edgerton, 
1978; Howald, 1982), and it may thus be that changes in activity with 
aging, and not the aging process per se, are responsible for the 
changes in fiber type observed in muscle. Activity level, however, is 
generally not believed to result in major changes in fiber number. It is 
likely that fiber number is a genetically determined trait and that any 
changes in fiber number that are observed with aging are also 
genetically controlled. Thus the use of various strains of rats could 
explain the discrepancies between studies in regard to changes in fiber 
number with senescence. The differences might also be due to rearing 
conditions of the animals. The F344 rats used in this study were reared 
under special conditions to limit disease and standardize the 
environmental surroundings with the explicit intent of providing an 
available source of genetically uniform rats for aging studies. Thus, if 
environmental factors (i.e., temperature, light, cage size, feed, water, 
and diseases) can affect fiber number, variations in these pararmeters 
could explain the difference in published results of fiber number with 
aging. We do not believe, however, that there is evidence other than 
circumstantial to support such a hypothesis at this time. For whatever 
reason(s), possibly genetic, fiber number does not decrease in F344 
rat EDL and SOL muscles with senescence. We therefore conclude that 
the commonly held view that a decrease fiber number and preferential 
loss of type II (a and b) fibers are typical aging phenomena must be 
carefully reevaluated in other animal models, as they have clearly 
been shown to be invalid in the F344 rat. 
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